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57 ABSTRACT 
The present invention provide a an electronic ballast for 
instant start gas discharge lamps that is designed with a 
limited number of components thereby enabling it to be 
produced relatively inexpensively and to be operated 
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more efficiently and more reliably. The invention pro 
vides quasi-voltage fed, half-bridge parallel resonant 
inverter. This inverter exhibits a voltage output charac 
teristic in which the output power is inversely propor 
tional to the load. The invention instantly starts in any 
order the multi-parallel configured gas discharge lamps. 
This invention balances the output current. This permits 
increasing the resonant frequency of the inverter to 
values higher than 50 Khz while maintaining a low crest 
factor and high efficiency. The invention is directed to 
a ballast for starting at least one gas discharge lamp, the 
ballast being composed of: a DC voltage input terminal 
device for receiving DC power from an external power 
supply; an inverter device, coupled to the input terminal 
device, for generating and outputting an alternating 
output voltage based on the DC power from the input 
terminal device; a transformer device, coupled to the 
inverter device, for transferring the alternating output 
voltage output by the inverter device to the at least one 
gas discharge lamp; and a ballasting device, coupled to 
the transformer device and the at least one gas dis 
charge lamp, for limiting the lamp current output by the 
at least one gas discharge lamp that is passed back to the 
transformer device. 

19 Claims, 2 Drawing Sheets 
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ELECTRONEC BALLAST FOR INSTANT START 
GAS DISCHARGE LAMPS 

BACKGROUND OF THE INVENTION 5 
Electronic ballast circuits for powering gas discharge 

lamps have been studied for some time. These circuits, 
however, have certain drawbacks, as discussed, for 
example, in U.S. Pat. No. 4,972,124 to Charles D. Pow 
ers. In this patent, Powers discloses a circuit which was 
designed to overcome these drawbacks. However, his 
circuit is designed for series loads and is not suitable for 
multi-parallel loads. In Powers' design, a capacitor is 
used for the ballasting and current limiting element. The 
use of a capacitor as the ballasting element results in a 
large imaginary current being fed back to the output 
transformer requiring the voltampere (VA) rating of 
this transformer to be large. Consequently, the physical 
size of the output transformer must also be large, 
thereby reducing the overall efficiency of the ballast 20 
and increasing its cost. The use of a capacitor as the 
ballasting element also limits the operating frequency of 
the ballast to approximately 30 Khz, whereas a low 
crest factor and high efficiency are required. 
Gas discharge lamps normally present the powering 25 

electronic ballast with a very harsh environment that 
includes high temperature, and high in-rush voltage and 
current. Operation for long periods of time in such a 
harsh environment requires that the electronic ballast 
be of very robust design. Therefore, in the ballast, the 30 
transistor has to be well protected from all kinds of high 
voltage and high current. In Powers' design there is not 
enough protection circuitry to reduce the possibility of 
damage to the transistors. Thus, the reliability of the 
design is inadequate. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention is to 
provide an electronic ballast for instant start gas dis 
charge lamps that is designed with a limited number of 40 
components thereby enabling it to be produced rela 
tively inexpensively and to be operated more efficiently 
and more reliably. 
A further object of this invention is to provide a 

quasi-voltage fed, half-bridge parallel resonant inverter. 45 
This inverter exhibits a voltage output characteristic in 
which the output power is inversely proportional to the 
load. 
Another object of this invention is to instantly start in 

any order the multi-parallel configured gas discharge 50 
lamps. 
A further object of this invention is to balance the 

output current. This permits increasing the resonant 
frequency of the inverter to values higher than 50 Khz 
while maintaining a low crest factor and high effi- 55 
ciency. Increasing the frequency reduces the values of 
the transformer and the ballasting inductor and capaci 
tors. Increasing the frequency also results in improved 
performance and reduced cost. 
A still further object of this invention is to improve 

the reliability of the ballast with a means to avoid the 
common conduction and high voltage transient. 
A still further object of this invention is to reduce the 

flicker when the power to the ballast is turned off. 
Additional objects and advantages of the invention 

will be set forth in part in the description that follows, 
and in part will be obvious from the description, or may 
be learned by practice of invention. The objects and 
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2 
advantages of the invention may be realized and at 
tained by means of the instrumentalities and combina 
tions pointed out in the appended claims. 
To achieve the objects and in accordance with the 

purposes of the invention, as embodied and broadly 
described herein, this invention comprises a ballast for 
starting at least one gas discharge lamp, the ballast being 
composed of: 
a DC voltage input terminal device for receiving DC 
power from an external power supply; 

an inverter device, coupled to the input terminal 
device, for generating and outputting an alternat 
ing output voltage based on the DC power from 
the input terminal device; 

a transformer device, coupled to the inverter device, 
for transferring the alternating output voltage out 
put by the inverter device to the at least one gas 
discharge lamp; and 

a ballasting device, coupled to the transformer device 
and the at least one gas discharge lamp, for limiting 
the lamp current output by the at least one gas 
discharge lamp that is passed back to the trans 
former device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illus 
trate a preferred embodiment of the invention and, 
together with the description, serve to explain the prin 
ciples of the invention. 
FIG. 1 is a detailed circuit diagram of an electronic 

ballast for instant start gas discharge lamps in accor 
dance with a preferred embodiment of the present in 
vention; and 
FIG. 2 is an equivalent circuit diagram for the output 

stage of the electronic ballast for instant start gas dis 
charge lamps in accordance with a preferred embodi 
ment of the present invention. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of 
which are illustrated in the accompanying drawings in 
which like reference characters refer to corresponding 
elements. 
FIG. 1 illustrates the detailed circuit diagram of the 

invention. The positive and negative input terminals A 
and B are provided as a means to input a DC voltage to 
the circuit. The input terminals are connected to an 
external power supply (not shown) to receive the DC 
voltage, and to transfer the voltage to an inverter. 
The inverter in accordance with the present inven 

tion has a capacitor C which is a DC balance (block 
ing) capacitor that serves as a second DC voltage 
source. When a DC. voltage is applied to terminals A 
and B, capacitor C2 is charged through resistors R1 and 

R2. Until Vc2 (voltage across capacitor C2) reaches 
the break down voltage of DIAC D1, the discharge 
current from C2 is applied to transistor Q2, and Q2 is 
turned on (conductive). When Q2 is on, a current from 
terminal A passes through C1, Tank Circuit I (C3 and 
output transformer winding P1), Tank Circuit II (L1 
and C4), Q2, and, finally, exiting through terminal B. 
When a current passes through Tank Circuit I (TCI), 

a voltage is induced in winding P2 which maintains 
transistor Q2 in the on state. The current in TCI will 
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Switch polarity after one half cycle at the resonant fre 
quency. When the currentin P1 again reverses polarity, 
a negative voltage is induced in winding P2 turning off 
transistor Q2, and a positive voltage is induced in wind 
ing P3 turning on transistor Q1. With the circuit in this 
state, the starting voltage source Vo2 (voltage across 
capacitor C2) charges TCI through transistor Q1, and 
Tank Circuit II (TCII). Vp2 (voltage across winding 
P2) will keep transistor Q2 off, and Vp3 (voltage across 
winding P3) will keep transistor Q1 on until the current 
in winding P1 reverses polarity. This oscillation cycle 
will keep going until power is removed from terminals 
A and B. 

In FIG. 1, the purpose of diode D3 is to prevent 
capacitor C2 from being charged during the oscillation 
cycle. The purpose of diodes D2 and D4 is to reduce the 
time required to discharge the base current of transis 
tors Q 1 and Q2. 
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In order to instantly start several gas discharge lamps, 
all the lamps should be connected in parallel to the 
inverter's output. Otherwise, the inverter must produce 
an unreasonably high output voltage. If the inverter 
uses a current-fed parallel resonant output stage, a cur 
rent source or quasi-current source is needed to drive 
the inverter. In such an inverter, an increase in the load 
impedance results in an increase in the power supplied 
to the load. Therefore, when one lamp is removed, 
increasing the load impedance, the load draws more 
power causing the lamp brightness to increase and re 
ducing the effective lifetime of the lamps. 

FIG.2 illustrates an equivalent circuit for a quasi 
voltage source driven, parallel resonant circuit. Here V 
is a voltage source, L1 is an AC blocking inductor, C3 
and Lp1 (which is the primary winding of the output. 
transformer T2) together form Tank Circuit I (TCI), 
and R1 is the load. When the inductance of L1 is chosen 
to be small, the power requirements of the load (i.e., the 
lamps) will be inversely proportional to the load impe 
dance. Thus, when one lamp is removed causing the 
load impedance to increase, the power drawn by the 
lamps is reduced. Because of inductor L1, a quasi-volt 
age source driven parallel resonant circuit normally has 
a low quality factor, Q. A low Q is a disadvantage for 
parallel load (i.e., parallel lamp) arrangements, which 
need a high Q to maintain a high output voltage for 
starting the lamps. To obtain a high Q, a second reso 
nant circuit TCII has been introduced into the circuit 
design. The resonant frequency of TCII is chosen to be 
higher than the switching frequency, f. Then, at f, 
the impedance of TCII is higher than the impedance of 
inductor L1. For example, when the frequency of TCII 
is two times higher than f, the impedance of TCII is 
four times higher than the impedance of inductor L1 at 
few. Consequently, a high Q, quasi-voltage source is 
produced. 

In a switching inverter, one serious problem is com 
mon conduction, i.e., the momentary simultaneous con 
duction of the switching transistors. When common 
conduction occurs, the DC busis shorted by the switch 
ing transistors, a large current flows through both tran 
sistors, and the transistors are destroyed. To avoid com 
mon conduction, a programmable dead time has been 
provided in this invention. By adjusting the value of the 
capacitor C4, the time for current to begin flowing 
through a switching transistor can be adjusted. There 
fore, by choosing the proper value for C4 (about 750 
pF), the current flow can be delayed until after the 
common conduction period is over, thus, protecting the 
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4. 
switching transistors Q1 and Q2 from common conduc 
tion damage. In FIG. 1, D5 and D6 are fast recovery 
transient voltage suppressors. In the normal operating 
mode, D5 and D6 work like forward conducting 
flywheel diodes. They will suppress any high voltage 
transient. Since D5 and D6 are in parallel with Q1 and 
Q2, Q1 and Q2 are well protected. This feature in 
proves the reliability of the ballast. 

In FIG. 1, resistor R2 has been incorporated into the 
circuit in series with R1 to form a voltage divider for 
charging C2. The advantage of this construction is to 
reduce flicker when the AC power to the ballast is 
turned off. After power is removed, the voltage across 
terminals A and B decays. During this decay, the in 
verter stops oscillating. Without R2 the voltage across 
C2 can rise to the breakdown voltage of DIAC D1, 
thereby retriggering the inverter and resulting in 
flicker. With R2, the voltage across C2 cannot reach the 
level required to trigger the inverter. 

In FIG. 1, the output section of the ballast includes 
output transformer T1, ballasting components C5, C6 
(capacitors), L2, L3 (inductor), and DC blocking capac 
itors C7 and C8. After starting the lamps, the currents 
through the lamps FL1 and FL2 are out of phase with 
the currents through the lamps FL3 and FL4. Only the 
real part of the lamp current passes through the output 
transformer T1. Consequently, the VA rating of the 
output transformer T1 is small, resulting in a small phys 
ical size, making it inexpensive to produce. This design 
of the output stage of the ballast also allows a high 
operating frequency (over 50 Khz) while maintaining a 
low crest factor and high efficiency. Increasing the 
frequency reduces the values of the transformer and the 
ballast inductor and capacitors. Increasing the fre 
quency also improves the performance and reduces the 
cost of the ballast. 
Although the present invention has been described in 

detail with reference to the accompanying drawings, it 
should be understood that the description and drawings 
are provided for illustrative purposes only. The descrip 
tion and drawings should not be construed as limiting 
any aspect or advantage of the present invention. In 
stead, various modifications to the preferred embodi 
ment should be readily apparent to those skilled in the 
art without departing from the spirit and scope of the 
present invention. 
For example, the inverter of the present invention is 

not limited to use in the ballasting circuit. It may be 
used in any setting where a reliable conversion of DC 
power to AC is required. In addition, it should be noted 
that the ballasting circuit described above is not limited 
to the configuration of a capacitor branch and inductor 
branch in parallel. Any means that would limit or can 
cel the imaginary current flowing out of the discharge 
lamps would be equivalent to that shown and described 
above. It should also be noted that, although it is pre 
ferred that the inverter described herein be used with 
the ballasting circuit of the present invention, the bal 
lasting circuit could be used independently of the spe 
cific inverter described herein. The invention therefore 
should only be limited by the following claims ap 
pended hereto. 
What is claimed is: 
1. A ballast for starting at least one gas discharge 

lamp, the ballast comprising: 
a DC voltage input terminal means for receiving DC 
power from an external power supply; 
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an inverter means, coupled to said input terminal 
means, for generating and outputting an alternating 
output voltage based on the DC power from said 
input terminal means; 

a transformer means, coupled to said inverter means, 
for transferring the alternating output voltage out 
put by said inverter means to the at least one gas 
discharge lamp; and 

a ballasting means, coupled to said transformer means 
and the at least one gas discharge lamp, for limiting 
imaginary lamp current that is passed back to said 
transformer means from the at least one gas dis 
charge lamp, said ballasting means including a sec 
ondary voltage source coupled to said input termi 
nal means for providing a source voltage, a first 
resonating section for receiving output from said 
secondary voltage source and providing an output 
voltage based on a first resonating frequency, a 
switching means for receiving the output voltage 
from said first resonating section and alternating 
the polarity of the output voltage for output to said 
transformer means, and an oscillating enabling 
circuit, coupled to said switching means, for en 
abling oscillation of said first resonating section. 

2. The ballast of claim 1, wherein said inverter means 
further comprises a second resonating section, coupled 
to said first resonating section, for resonating at a sec 
ond resonating frequency, which is higher than said first 
resonating frequency. 

3. The ballast of claim 2, wherein said switching 
means comprises: 
a first transistor having an emitter coupled to said 
Second resonating section and a collector con 
nected to said input terminal means; and 

a second transistor having an emitter coupled to said 
input terminal means and a collector coupled to 
said second resonating section; and 

wherein said inverter means further comprises: 
a first base current drive circuit, coupled to the 

base of said first transistor, for activating said 
first transistor; and 

a second base current drive circuit, coupled to the 
base of said second transistor, for activating said 
second transistor. 

4. The ballast of claim 3, wherein said transformer 
means comprises: 
a primary winding for receiving an alternating output 

voltage from said first resonating section; 
a secondary winding for transferring the alternating 
output voltage from said primary winding and 
outputting a corresponding voltage to the at least 
one discharge lamp to be started; 

a third winding, coupled to said second base current 
drive circuit, for activating said second transistorin 
response to a current induced by said primary 
winding; and 

a fourth winding, coupled to said first base current 
drive circuit, for activating said first transistor in 
response to a current induced by said third wind 
1ng. 

5. The ballast of claim 4, wherein said first resonating 
section comprises a capacitor coupled to said primary 
winding of said transformer means. 

6. The ballast of claim 2, wherein said second resonat 
ing section comprises a center-tapped inductor in paral 
lel with a capacitor. 

7. The ballast of claim 1, wherein said oscillating 
enabling circuit comprises: 
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6 
a pair of resistors connected in series; 
a capacitor connected in parallel with one of said pair 
of resistors; and 

a DIAC having a first end connected in parallel with 
said capacitor and a second end connected to the 
base of said second transistor. 

8. The ballast of claim 1, wherein said secondary 
voltage source is a capacitor coupled to said inputter 
minal means. 

9. The ballast of claim 3, wherein said first base cur 
rent drive circuit comprises a diode having a first end 
connected to said fourth winding of said transformer 
means and a second end connected to the base of said 
first transistor, and a resistor in parallel with said diode; 
and 
wherein said second base current drive circuit com 

prises a diode having a first end connected to said 
third winding of said transformer means and a 
second end connected to the base of said second 
transistor, and a resistor in parallel with said diode. 

10. The ballast of claim 3, wherein said switching 
means further comprises: 
a first voltage suppressor, connected in parallel with 

said first transistor, for operating as a conducting 
flywheel diode and as a transient voltage suppres 
sor; and 

a second voltage suppressor, connected in parallel 
with said second transistor, for operating as a con 
ducting flywheel diode and as a transient voltage 
Suppressor. 

11. A ballast for starting at least one gas discharge 
lamp, the ballast comprising: 
a DC voltage input terminal means for receiving DC 
power from an external power supply; 

an inverter means, coupled to said input terminal 
means, for generating and outputting an alternating 
output voltage based on the DC power from said 
input terminal means; 

a transformer means, coupled to said inverter means, 
for transferring the alternating output voltage out 
put by said inverter means to the at least one gas 
discharge lamp; and 

a ballasting means, coupled to said transformer means 
and the at least one gas discharge lamp, for limiting 
imaginary lamp current that is passed back to said 
transformer means from the at least one gas dis 
charge lamp, said ballasting means including a sec 
ondary voltage source coupled to said input termi 
nal means for providing a source voltage, a first 
resonating section for receiving output from said 
secondary voltage source and providing an output 
voltage based on a first resonating frequency, a 
switching means for receiving the output voltage 
from said first resonating section and alternating 
the polarity of the output voltage for output to said 
transformer means, and an oscillating enabling 
circuit, coupled to said switching means, for en 
abling oscillation of said first resonating section, 
said ballasting means including a first branch cir 
cuit having a capacitor whose first end is coupled 
to said transformer means and whose second end is 
coupled to a first gas discharge lamp to be started, 
and a second branch circuit having an inductor 
whose first end is coupled to said transformer 
means and whose second end is coupled to a sec 
ond gas discharge lamp to be started. 

12. The ballast of claim 11, wherein said second 
branch circuit further comprises a DC blocking capaci 
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tor connected to said transformer means and said indi 
Cator. 

13. The ballast of claim 2, wherein said inverter 
means has a resonant frequency higher than 50 KHz. 

14. A ballast circuit for starting a plurality of gas 
discharge lamps connected in parallel to a power 
Source, wherein a discharge current having imaginary 
and real components is output from each of said gas 
discharge lamps and input to said power source, the 
ballast circuit comprising: 

a first impedance having a first end connected to one 
of said plurality of gas discharge lamps, and a sec 
ond end connected to said power source; and 

a second impedance having a first end connected to 
another one of said plurality of gas discharge 
lamps, and a second end connected to said power 
source, wherein the imaginary current output from 
said discharge lamps is limited by said first and 
second impedances before being input to said 
power source. 

15. The ballasting circuit of claim 14, wherein said 
first impedance is a capacitor and said second impe 
dance is an inductor. 

16. An inverter for receiving DC power from an 
external source and outputting AC power to a trans 
former, the inverter comprising: 

a secondary voltage source coupled to the external 
source for providing a source voltage; 

a first resonating section for receiving output from 
said secondary voltage source and providing an 
output voltage based on a first resonating fre 
quency; 

a switching circuit for receiving the output voltage 
from said first resonating section and alternating 
the polarity of the output voltage for output to the 
transformer; and 

an oscillating enabling circuit, coupled to said switch 
ing circuit, for enabling oscillation of said first 
resonating section; and 

a second resonating section, coupled to said first reso 
nating section, for resonating at a second resonat 
ing frequency, which is higher than said first reso 
nating frequency. 

17. The inverter of claim 16, wherein said switching 
circuit comprises: 

a first transistor having an emitter coupled to said 
second resonating section and a collector con 
nected to the external source; and 

a second transistor having an emitter coupled to the 
external source and a collector coupled to said 
second resonating section; and 

wherein the inverter further comprises: 
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8 
a first base current drive circuit, coupled to the 

base of said first transistor, for activating said 
first transistor; and 

a second base current drive circuit, coupled to the 
base of said second transistor, for activating said 
second transistor. 

18. The inverter of claim 17, wherein the transformer 
comprises: 

a primary winding for receiving an alternating output 
voltage from said first resonating section; 

a secondary winding for transferring the alternating 
output voltage from said primary winding and 
outputting a corresponding voltage to the at least 
one discharge lamp to be started; 

a third winding, coupled to said second base current 
drive circuit, for activating said second transistorin 
response to a current induced by said primary 
winding; and 

a fourth winding, coupled to said first base current 
drive circuit, for activating said first transistor in 
response to a current induced by said third wind 
ing; and 

wherein said first resonating section comprises a ca 
pacitor coupled to said primary winding of the 
transformer, said second resonating section con 
prises a center-tapped inductor in parallel with a 
capacitor, and said oscillating enabling circuit com 
prises: 
a pair of resistors connected in series; 
a capacitor connected in parallel with one of said 

pair of resistors; and 
a DIAC having a first end connected in parallel 

with said capacitor and a second end connected 
to the base of said second transistor. 

19. The inverter of claim 18, wherein said first base 
current drive circuit comprises a diode having a first 
end connected to said fourth winding of the transformer 
and a second end connected to the base of said first 
transistor, and a resistor in parallel with said diode; and 

wherein said second base current drive circuit com 
prises a diode having a first end connected to said 
third winding of the transformer and a second end 
connected to the base of said second transistor, and 
a resistor in parallel with said diode, and said 
switching circuit further comprises: 
a first voltage suppressor, connected in parallel 

with said first transistor, for operating as a con 
ducting flywheel diode and as a transient voltage 
Suppressor; and 

a second voltage suppressor, connected in parallel 
with said second transistor, for operating as a 
conducting flywheel diode and as a transient 
voltage suppressor. 
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